A randomized clinical trial and subgroup analysis to compare flexion-distraction with active exercise for chronic low back pain
Abstract Many clinical trials on chiropractic management of low back pain have neglected to include specific forms of care. This study compared two well-defined treatment protocols. The objective was to compare the outcome of flexiondistraction (FD) procedures performed by chiropractors with an active trunk exercise protocol (ATEP) performed by physical therapists. A randomized clinical trial study design was used. Subjects, 18 years of age and older, with a primary complaint of low back pain (>3 months) were recruited. A 100 mm visual analogue scale (VAS) for perceived pain, the Roland Morris (RM) Questionnaire for low back function, and the SF-36 for overall health status served as primary outcome measures. Subjects were randomly allocated to receive either FD or ATEP. The FD intervention consisted of the application of flexion and traction applied to specific regions in the low back, with the aid of a specially designed manipulation table. The ATEP intervention included stabilizing and flexibility exercises, the use of modalities, and cardiovascular training. A total of 235 subjects met the inclusion/ exclusion criteria and signed the informed consent. Of these, 123 were randomly allocated to FD and 112 to the ATEP. Study patients perceived significantly less pain and better function after intervention, regardless of which group they were allocated to (P<0.01). Subjects randomly allocated to the flexiondistraction group had significantly greater relief from pain than those allocated to the exercise program (P=0.01). Subgroup analysis indicated that subjects categorized as chronic, with moderate to severe symptoms, improved most with the flexion-distraction protocol. Subjects categorized with recurrent pain and moderate to severe symptoms improved most with the exercise program. Patients with radiculopathy did significantly better with FD. There were no significant differences between groups on the Roland Morris and SF-36 outcome measures. Overall, flexion-distraction provided more pain relief than active exercise; however, these results varied based on stratification of patients with and without radiculopathy and with and without recurrent symptoms. The subgroup analysis provides a possible explanation for contrasting results among randomized clinical trials of chronic low back pain treatments and these results also provide guidance for future work in the treatment of chronic low back pain.
Introduction
Despite years of work, low back pain remains a substantial healthcare burden. It is the second most common symptom leading patients to seek medical care [8] , and claims for this disorder account for the highest proportion of costs of ongoing welfare benefits under the Social Security Disability Income program for workers less than 45 years of age [20] .
Although many clinical research studies have been conducted, including investigations comparing chiropractic treatment and exercise to each other and to other modes of care, results have been disappointing and contradictory [2, 18, 22, 23, 32] . Possible reasons for conflicting evidence among trials surveyed in metaanalyses and reviews include:
1. Diversity of definitions for ''chronic'' pain used [1] 2. Lack of understanding of potential subgroups in the clinical population [4, 9, 18, 33, 34] 3. Poor specification of treatments [22, 23] , resulting in different interventions being compared as if they were the same.
In a majority of chiropractic intervention-based studies, manipulative interventions were poorly defined [23] ; however, most appear to have been high-velocity, low-amplitude (HVLA) thrusts.
Flexion-distraction (developed by James Cox, DC, DACBR) [7] is one chiropractic procedure that differs from HVLA in that it is a slow manual traction and mobilization rather than a higher load and speed technique (Fig. 1 ). According to a national survey, 53-58% of chiropractors utilize flexion-distraction in the management of low back pain [5, 6] .
The purpose of this study was to compare the effectiveness of a flexion-distraction (FD) technique administered by chiropractors and an active trunk exercise program (ATEP) administered by physical therapists for chronic low back pain. Chronic low back pain, for this trial, was defined as back pain greater than 3 months in duration and is consistent with authors such as Helmhout et al. [15] , Vollenbroek-Hutton et al. [34] and Katz et al. [17] . The intent was to use a randomized controlled trial to evaluate differences between groups and to include a subgroup analysis to address conflicting evidence in previous studies and guide future research. Turk [33] suggested that patients with a variety of chronic pain syndromes may be clinically hampered by what he referred to as ''the patient homogeneity myth''. In other words, the belief that patients with the same diagnosis are sufficiently similar in important variables related to treatment. While Turk emphasized the importance of matching patient subgroups to treatment based on behavioral characteristics, one aim of this study included an evaluation of subgroups based on physical characteristics (radiculopathy vs. no radiculopathy) and history (recurrent pain vs. continuous chronic pain and pain severity). The study and methods were approved by the National University of Health Sciences institutional review board (IRB), approval number H-9701. Table 1 provides the inclusion/exclusion criteria. Subjects were at least 18 years old, with a primary complaint of low back pain for more than 3 months, and had no contraindications to manual therapy (e.g., fracture, dislocation, localized acute infection). Subjects meeting Fig. 1 Photograph showing a flexion-distraction treatment the criteria viewed a 3 min video demonstrating treatments and assessments and were presented with an IRBapproved informed consent.
Methods

Participants
Consecutive new patients with chronic low back pain were initially recruited from two chiropractic clinics and two allopathic (orthopedic) clinics in a Chicago suburb. The physical therapy center was not a primary contact facility and was therefore not included in the recruitment process. Thus both chiropractic and medical physicians were involved in the study, although the study was unsuccessful in recruiting eligible subjects from the medical clinics. Reasons for ineligibility are described in Table 2 . Additional recruitment efforts included media advertising such as radio commercials, newspaper advertisements, press releases, cable television advertisements, local posters, and a local electronic sign advertisement. The percentages of patients recruited using each of the methods are: radio advertisements (57%), newspaper advertisements (8%), posters (7%), chiropractic clinic patients (20%), others (e.g., word of mouth) (8%), and orthopedic surgery clinics (0%). Patients received $75.00 compensation at the completion of active care and an additional $75.00 upon completion of the 1-year follow-up.
For administrative ease, all data were collected at the chiropractic clinics only. Research personnel were trained in phone screening, administering informed consent, scheduling procedures, and collecting outcome data. Treatment was administered by providers at the chiropractic clinics and at local physical therapy centers.
Interventions
Two treatment arms provided the basis of data collection: a series of flexion-distraction procedures administered by licensed chiropractors who had been certified in this technique after 24 h of training and the completion of two examinations [6, 7] and an ATEP administered by licensed physical therapists.
The FD technique was performed on a specially constructed table with a moveable headpiece, a stationary thoraco-lumbar piece, and a moveable lower extremity piece (Fig. 1) . With the subject lying prone, the clinician placed one hand over the lumbar region at the level of interest and used the other hand to flex, laterally flex, and/or rotate the lower extremity section of the table. FD consisted of two biomechanical components. The first component was a series of traction procedures using the flexion range of motion directed at a specified joint level. The motion from the traction procedure resulted in opening of the posterior joint space and a consequent reduction in intradiscal pressure [7, [12] [13] [14] . The second component was a series of mobilization procedures using a possible combination of ranges of motion targeted again at a specific joint level. Most patients moved from the traction component to the mobilization component within 4 weeks of care. Tolerance testing preceded each FD application. A single flexion-distraction treatment lasted between 3 and 6 min. For patients with radiculopathy, the traction procedure in flexion was used. The number of repetitions was determined by symptom severity. Three sets of repetitions were given at each visit. Each repetition was held for 4 s and a maximum of five repetitions were allowed per set. For patients without radicular symptoms, the mobilization procedures were used. Along with flexion, all physiologic ranges of motion were allowed. Repetitions in all motions except circumduction were held for 2 s each. For circumduction, a single repetition lasted 4 s. Again, the number of repetitions was determined by the severity of symptoms with a maximum of 15 for each set. Meetings were held to insure consistency of technique application.
For each study patient at each visit, all clinically relevant vertebral levels from the lower thoracic spine through the L5/S1 level were treated. These were determined through palpation of the lower thoracic and lumbar spine and through other signs and symptoms associated with each case. Both motion palpation of the facet joints and static palpation (application of pressure to tolerance directly over the facets [24] ) were used to confirm facet joint tenderness. The FD group also received modalities such as ultrasound and cryotherapy. The FD intervention was administered by chiropractors with postgraduate certification in this technique. Application of treatment protocols was assessed and consistency between providers was confirmed by file review and meetings for each profession.
ATEP was administered by licensed physical therapists and consisted of flexion or extension exercises, weight training, flexibility exercises, and cardiovascular exercises dependent on patient symptoms. The aim of the program was to strengthen the muscles surrounding the spine and increase flexibility (Fig. 2) . Methods used to develop stabilizing exercises were consistent with those of O'Sullivan and colleagues [28, 29] . The therapists in the study met as a group to choose the specific exercise regime for study purposes and met monthly to reinforce treatment consistency. Biomechanically, the ATEP did not concentrate on a specific joint level but sought to impact the lumbar spine as a whole. It consisted of four phases. During phase one, dependent on clinically relevant symptoms, study subjects received flexion or extension exercises, flexibility exercises, modalities such as ultrasound and cryotherapy, and an individualized cardiovascular exercise program. Study subjects with symptoms below the knee received McKenzie extension exercises during phase one. For phase two, upper and lower extremity weight training was added. At phase three, lumbar extension training was included and by phase four, a second cardiovascular exercise and an increase in weight training (to tolerance) were added. Treatment times for the physical therapy group lasted from 30 to 45 min.
Study participants in both treatment groups were seen 2-4 times per week, at the discretion of the treatment provider, for 4 weeks.
Objectives
The two objectives of this investigation were to compare the effectiveness of the FD intervention with the ATEP intervention and to use the study data to consider feasibility issues that may have impacted previous investigations. Specifically, the primary null hypotheses were:
1. Perception of pain as measured by a 100 mm visual analogue scale (VAS) will not differ between groups after 4 weeks of either FD or ATEP.
Function as measured by the Roland Morris (RM)
Questionnaire will not differ between groups under these study conditions. 3. Overall health status as measured by the SF-36 will not differ between groups.
Feasibility issues involved the logistics of multidisciplinary research conducted at multiple sites, guidance for future trials with respect to sample size estimates, and subgroup analysis for better quality inclusion/ exclusion criteria to match subjects with contrasting interventions. As stabilization exercises were included in ATEP, one subgroup division was based on recurrent versus chronic pain. Pain severity at study onset was also used to create divisions since treatment response may differ as a result of initial conditions such as this. Finally, subgroup division according to evidence of radiculopathy (yes/no) was included, since the prognosis for patients with radiculopathy may be different from those without.
Outcomes
Three primary outcome measures were used in this investigation, a 100 mm VAS for perceived pain [16, 21] , the RM to measure function [11, 30] , and the SF-36 as a representation of health status [3, 11, 21] . Primary outcome measures were taken at baseline and again upon completion of the 4-week intervention period. The results of this initial 4-week time frame are presented here.
Outcome assessments occurred on the day of randomization and at the debriefing visit, which occurred within 48 h of the last treatment. At the end of the investigation, subjects were surveyed about their level of satisfaction for the overall study period. Standard questions regarding overall satisfaction, future use, and recommendation for others were created and are consistent with those used in other clinical investigations [27] . An ordinal scale was devised and although not tested for reliability the questions had high face validity. These assessments were not associated with treatment times.
Secondary outcome measures using the same instruments as well as health care utilization data were collected to evaluate long-term changes (up to 1 year). Assessment of low back biomechanics was also completed. These results will be reported in separate papers.
Sample size
The sample size was based on a prior randomized clinical trial of chronic low back pain patients comparing manipulation to a sham treatment and back school [31] . Data from that investigation indicated that 200 patients would provide significance at alpha=0.05 and power=0.80 for a change in perceived pain.
Randomization
Randomization occurred after the patient had been assessed for all inclusion/exclusion criteria. Randomization occurred before baseline outcome measures for the study were undertaken.
Sequence generation
Random number tables were used to generate treatment allocation.
Allocation concealment
Sequentially numbered sealed manila envelopes held each successive randomized treatment group allocation. At the time of randomization the research assistant opened the next numbered envelope and the subject was allocated accordingly.
Implementation
The allocation sequence was generated by the clinical cocoordinator. Patient enrollment was the responsibility of the research assistants at the chiropractic institution where patients had been evaluated by attending chiropractic clinicians. Neither the clinician who first saw the patient nor the patient who agreed to participate in the study was involved in the allocation to intervention group. Research assistants were not blinded to patient allocation; however, as described below, they were blinded to the outcome measures, and the primary measures were self-administered questionnaires that were not completed in the presence of the attending clinician at any time.
Blinding
The primary outcome measures were self-administered questionnaires distributed by the research assistants. Study participants were given blank questionnaires at each assessment point and placed completed forms in an envelope. Subjects then sealed the envelope and returned it to the research assistant. Research assistants remained blinded to outcome data for the entire study period and were counseled by the research investigators and clinical coordinator, regarding the importance of blinding. They were trained in administration of informed consent and outcome data retrieval using simulated patients. Meetings between the research co-coordinator, principal investigator and providers responsible for treatment were held on a regular basis throughout the study to facilitate quality control. No incidents of unblinding were reported.
Statistical methods
The primary outcomes were evaluated by ANCOVA. Bonferroni correction was applied for repeated testing in the primary measures, and the alpha level was therefore set to 0.01. Secondary analysis was completed on questions related to satisfaction. Additional subgroup analysis was performed as part of feasibility issue development. Subgroup categorization was based on physical examination, history, and clinician's assessment of severity and recurrence of pain episodes. t tests and v 2 supplemented descriptive analyses providing information about potential trends. Figure 3 is a diagram of stages of study participation. There were no crossovers. A total of 2,176 subjects were screened. Of these, 1,941 (89.2%) did not meet one or more inclusion criteria (see Table 2 ) and 77 (3.5%) were eligible but chose not to sign the informed consent. The rather high number of subjects who presented with no low back pain resulted from monitoring all new patients at both the chiropractic and orthopedic clinics. Thus, even patients with a different chief complaint were screened. The remaining 235 subjects (10.8%) were randomized. Of these, 123 subjects were allocated to FD and 112 to ATEP. Of the 38 dropouts, 13 were from FD and 25 from ATEP. Primary reasons for study withdrawal were diminished interest and scheduling difficulties. Table 3 provides these data according to group membership. A difference in proportions test indicated that significantly more subjects dropped out of the study from ATEP (P<0.02). The majority listed ''no longer interested in participation'' as their reason for withdrawal. Thus, increasing pain and adverse reactions did not account for this observation.
Results
Participant flow
Recruitment
Recruitment of study participants began in August 1998 and was completed in December 1999.
Baseline data Table 4 lists the baseline characteristics of subjects by group. No significant differences were found, although a trend towards more individuals with lower household incomes in the ATEP group was seen. Table 5 provides the baseline characteristics of subjects according to history of low back pain and primary outcome measures. The variables in Tables 4 and 5 were evaluated both with and without withdrawals. As no significant differences existed regardless of whether withdrawing subjects were included, data are presented for all randomized subjects. A trend toward more prior episodes may have existed for the ATEP group. The Mental Health Scale of the SF-36 suggested a possible difference between groups based on initial scores. Thus, ANCOVAs for the VAS and RM were completed with and without this variable as a covariate. Inclusion did not significantly contribute to the model nor affect the outcome. It was, therefore, not included in the models reported here.
Numbers analyzed
Analysis for primary outcome measures (VAS, RM, and SF-36 component scores) at the 4-week follow-up was completed both using an intention-to-treat approach and analyzing only those subjects completing the intervention phase and providing appropriately completed outcome forms. This was done because there appeared to be more dropouts in the ATEP group. Using only an intention-to-treat approach could have resulted in a bias against the ATEP since more of the results in this group would have been carried forward in subjects who had not completed that therapy protocol.
Subjects provided data for the VAS on a weekly basis as part of their clinical protocol. Thus for the intentionto-treat analysis, the last available VAS score was used to calculate the results. For the RM and the SF-36 component scores, intention-to-treat analysis was completed by taking forward the outcome measure at baseline for all subjects whose data were missing. For the evaluation of those finishing the intervention phase, complete data were available for analysis at both the initial and the post 4-week intervention period. Numbers analyzed for the intention-to-treat evaluation and for t=4.08, P<0.01). Table 6 provides the data regarding pre-post intervention difference scores related to the two groups with respect to the primary outcomes. ANCOVA, accounting for pre-treatment scores, indicated a statistically significant difference in the VAS between the two treatment groups (F=6.18, P=0.01), favoring FD. No such difference was observed for either the RM or the two component scores of the SF-36. Figure 4 provides box and whisker plot of the unpaired data for both the VAS and the RM at baseline and after intervention. Table 7 presents data regarding subject satisfaction according to treatment group. A large proportion of members in both groups felt they were helped and would be willing to return to the type of care they were allocated to. No statistical difference was observed between groups. Table 8 provides the descriptive data for the VAS and RM at 3, 6, and 12 months. Although complete analysis of these data will be reported in a separate paper, initial gains made by both groups appear to remain relatively stable throughout the complete follow-up period. Although some subjects were lost to follow-up, data were retrieved from 78% (96/123) subjects in the FD group and 70% (78/112) of subjects in the ATEP group after 12 months. It is likely that the higher rate of follow-up at 12 months was achieved as a result of the monetary incentive subjects had for providing information at that time point.
In an effort to guide future multi-center trials in appropriately matching study patients to contrasting interventions, subgroup analysis was performed. Subjects were first divided according to the presence of radiculopathy. Results in Table 9 suggest a trend toward greater improvement in perceived pain for those with radiculopathy, in the FD group. Subjects were then divided according to the level of severity and according to whether the term ''chronic'' referred to continually present pain or recurrent pain. These results are presented in Table 10 . The majority of subjects were defined as having continually present pain.
Descriptive results suggested that moderate to severely affected continual chronic pain patients may have benefited most from FD. When data from these moderate and severe subgroups were combined, a 27.22% change in VAS was observed in the FD group compared with only a 14.36% change in the ATEP group (t=3.09, P=0.00). Although a minority of patients was classified Statistical analysis of long-term follow-up data is currently being undertaken in a separate paper a Larger number of subjects at 12-month follow-up coincides with monetary reward provided to subjects for study completion as having recurrent pain, the descriptive statistics in Table 10 suggests the opposite result for this subgroup. When data from the moderate and severe subgroups in this category were combined, a 12.99% change in VAS was observed in the FD group, while a 25.81% change was observed in the ATEP group. Although this result was not statistically significant (t=1.51, P=0.15), the effect size was substantial (0.87). Using this effect size, an alpha level of 0.01, and 80% power, a sample size of approximately 30 recurrent, moderate to severely affected subjects would be required for a future test.
Adverse events
No adverse events or side effects were reported from subjects in either intervention group.
Discussion
The first objective of this investigation was to compare the effectiveness of chiropractic FD to physical therapy ATEP by evaluating change in perceived pain, function, and health status before and after 4 weeks of intervention. Like the study of other treatments for chronic low back pain [17] , immediate and significant relief of pain was considered the primary clinically relevant outcome. Results indicated statistically significant gains to both groups. In addition, subjects in the FD group were observed to experience significantly greater reduced perceived pain (according to VAS measures) after treatment (P=0.01). Although function (via the Roland Morris) was not significantly different for this group compared with ATEP, musculoskeletal pain remains an important intangible cost associated with low back syndromes [19] and its reduction provides additional clinically relevant data for future consideration. One potential limitation to any study is the sample selection process. Although subjects were recruited using a variety of techniques and from a variety of environments, there is no way to know if this or any other sample is unique and thus biased. It may be, for example, that patients responding to the media advertisements or presenting to the chiropractic clinics were hoping to try one or the other form of care. Allocation to the opposite treatment group may not have met patient expectations and could bias against the treatment outcome for that group, while allocation to the patient-preferred group could result in a bias in the opposite direction. Many forms of treatment are used in everyday practice for chronic low back pain. Reports of clinical trials using physical modalities such as manipulation [23] and exercise, however, often fail to provide necessary details allowing either reproduction in a clinical setting or comparison of trials to judge the preponderance of evidence for policy making. Heterogeneity of therapeutic procedures, for example, choices among exercise routines [32] or massage therapies [10] , has hampered attempts at formal meta-analyses. This may, in part, Thus, both time frame and ''recurrence'' vary among studies. Further complicating this issue is symptom severity. Subjects with mild pain may respond differently to a single treatment strategy in comparison to subjects who are in severe pain. Studies of patients with chronic low back pain may or may not include patients with leg symptoms, and these may or may not be related to frank radiculopathy. Chronic low back pain then is an extremely complex syndrome.
It has been suggested that patients be classified into subgroups [4, 18, 33] and that inclusion into clinical trials consider treatment according to the prognosis of individual subgroups in specific treatment regimes [4, 9] .
In response to the above concerns, the second objective of this study was to consider the data from the perspective of a feasibility study designed to generate hypotheses. The multidisciplinary team of chiropractors, allopathic physicians, and physical therapists assembled succeeded in its collaborative efforts to implement protocols and complete the study as designed. Sample diversity allowed evaluation of treatment effects for a variety of subcategories generated by assessing characteristics of pain such as radiculopathy, chronicity, and severity. When study subjects were divided according to the presence of radiculopathy, results suggested some benefit for patients with radiculopathy who received FD. Further, subjects categorized as ''chronic'' with moderate to severe symptoms appeared significantly more improved post-FD than post-ATEP (P<0.01). Interestingly, however, if subjects were categorized as ''recurrent'' with moderate to severe symptoms, descriptive changes suggested greater improvement of almost exactly the same magnitude but favoring ATEP. Small sample sizes are, of course, a limitation to reaching any conclusion from subgroup analysis. Rather, these data should be used to provide information to guide future study.
The differences in treatment results according to subgroup analyses make biological sense. The FD intervention was intended to provide motion and forces directed at specific intervertebral levels [14] . The ATEP on the other hand was intended to concentrate more on strengthening the muscles surrounding the spine and increasing flexibility. As such, a greater decrease in VAS among patients with radiculopathy should be expected for the FD group where changes in disc pressure [7, 12, 13] may be most important. The diametrically opposed results dependent on patient categorization as moderate to severely chronic versus moderate to severely recurrent provide interesting data for consideration. Clinical trial outcomes may vary, according to the representation of previously undefined subgroups. In randomized clinical trials where balance is expected due to the randomization procedure, the mean change within each intervention will tend towards zero if subgroups have opposite responses. Slight changes in this balance in either direction would produce conflicting results, consistent with conclusions from systematic review [18] . Since no single investigation such as this can be expected to define the nature of low back subgroups, future extensive epidemiologic study of this area is suggested.
Conclusion
In accordance with many studies of chronic low back pain, patients perceived significantly less pain after intervention, regardless of group allocation. Subjects randomly allocated to FD had significantly greater relief from perceived pain, as defined by VAS scores, than those in ATEP. According to the Roland Morris, both groups responded in terms of function and there was no difference between groups on this measure. Subgroup analysis indicated that subjects categorized as chronic, with moderate to severe symptoms, and those with radiculopathy improved most with FD. Subjects categorized with recurrent pain and moderate to severe symptoms improved most with ATEP. This may help explain contrasting outcomes among previous trials of chronic low back pain treatments.
